The mechanism of gene duplication as the means to acquire new genes with previously nonexistent functions is inherently self limiting in that the function possessed by a new protein, in reality, is but a mere variation of the preexisted theme. As the source of a truly unique protein, I suggest an unused open reading frame of the existing coding sequence. Only those coding sequences that started from oligomeric repeats are likely to retain alternative long open reading frames. Analysis of the published base sequence residing in the pOAD2 plasmid of Flavobacterium Sp. K172 indicated that the 392-amino acid-residue-long bacterial enzyme 6-aminohexanoic acid linear oligomer hydrolase involved in degradation of nylon oligomers is specified by an alternative open reading frame of the preexisted coding sequence that originally specified a 472-residue-long arginine-rich protein.
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In analogy with the immortal dictum "omnis cellula a cellula" of Rudolph Virchow , it might be said that all of the new genes arose from redundant copies of the preexisted genes (1) . The mechanism of gene duplication, however, is inherently self limiting in that a new protein arising by this mechanism invariably retains substantial amino acid sequence homology and, therefore, functional relatedness with its immediate ancestor. Thus, one wonders if this mechanism alone sufficed at the very beginning of life when a large variety of polypeptide chains with divergent functions had to be created almost simultaneously. The same can be said of this 20th century when a variety of microorganisms suddenly found themselves facing an onslaught of man-made artificial compounds. It has recently occurred to me that the gene started from oligomeric repeats at its certain stage of degeneracy (base sequence diversification) can specify a truly unique protein from its alternative open reading frame. In this paper, I shall show that this mechanism can be invoked to explain the sudden birth of a plasmid-encoded bacterial enzyme, 6-aminohexanoic acid linear oligomer hydrolase (6-AHA LOH) that degrades nylon oligomers (2) (3) (4) .
Three Virtues of Oligomeric Repeats as the Primordial Coding Sequence
Recently, a number of investigators independently arrived at the conclusion that all polypeptide chains were originally endowed with short periodicities, thus implying original internal repetitiousness in all coding sequences (5-7). There are three virtues that uniquely qualify oligomeric repeats as the primordial coding sequence (8) . The first is their translatability to polypeptide chains of substantial lengths. Under the universal coding system with three chain-terminating base triplets, a fraction of the n-base-long randomly generated base sequences having n-base-long open reading frames is represented by (6/4)n13. Thus, only 0.819% of the 4300 variety of 300-base-long randomly generated base sequence shall have 100-codon-length open reading frame with regard to one particular phase, while the other two reading frames shall be loaded with their customary share of chain-terminating codons. Furthermore, a chance of a chain initiator A-T-G occurring in phase with and near the 5' terminus of that one particular open reading frame is not particularly good. The situation is far more favorable with regard to repeats of base oligomers. Provided that the number of bases in the oligomeric unit is not a multiple of 3, three consecutive copies of it translated in three different reading frames constitutes the translation unit of such oligomeric repeats. Accordingly, (61/4)3nl3 simplified to (64/6)n, the fraction of the repeats of n-base-long randomly generated base oligomers, shall have not one, but all three, open reading frames which equal the total length of repeats-e.g., 59.14% of the monodecameric repeats shall have all three reading frames open for indefinite length.
The second virtue of oligomeric repeats as the primordial coding sequence is found in the periodicity they give to polypeptide chains they specify. Such periodicities are quite conducive to the formation of either a-helical or 3-sheet secondary structure.
The third and probably the most important virtue of oligomeric repeats as the primordial coding sequence is found in their inherent imperviousness to randomly sustained base substitutions, deletions, and insertions. Missense base substitutions are no concern to them, as each merely disturbs one of the many identical periodicities. Furthermore, provided that the number of bases in the oligomeric unit is not a multiple of 3, they should be totally impervious to deletions and insertions. Customarily, deletions or insertions of bases that are not multiples of 3 are very deleterious to the coding sequence as they cause frame-shifts, thereby completely altering downstream amino acid sequences and usually ending up in premature chain terminations. The very fact that three consecutive copies of the oligomeric unit of these repeats are translated in three different reading frames insures that such deletions and insertions shall cause only a local perturbation, the original periodicity resuming shortly thereafter. Customarily, rarest but most destructive of the base substitutions is the type that changes an amino acid specifying codon in the midst of coding sequences to a chain terminator, the expected ratio between missense, samesense, and chain-terminating base substitutions being 2.77:1:0.15. Inasmuch as these oligomeric repeats are open for all three reading frames to yield a set of three polypeptide chains with the originally identical periodicity, even this most destructive base substitution can damage only one-third of their coding potentials.
What if the modern coding sequence ultimately derived from oligomeric repeats still retained a sufficient degree of internal repetitiousness and, therefore, an alternative open Abbreviations: 6-AHA CDH, 6-aminohexanoic acid cyclic dimer hydrolase; 6-AHA LOH, 6-aminohexanoic acid linear oligomer hydrolase.
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ever to attack any of the natural amide bonds tested (2, 3) , an amino acid sequence divergence is not expected to occur the ancestry of neither cyclic dimer nor linear oligomer hyin so short a time span-i.e., 40 years or thereabout. that the RS-IIA base sequence was originally a coding sequence for an arginine-rich polypeptide chain 427 or so residues long in its length and that the coding sequence for one of the two isozymic forms of 6-ALA LOH arose from its alternative open reading frame.
In Fig. 1 a and b , the published coding sequence for one 6-AHA LOH isozyme is identified as R-IIA, the simplified version of RS-IIA in the publication of Okada et al. (4) , and it is accompanied by the amino acid sequence of a linear oligomer hydrolase it specifies. It should be noted that the base sequence shown in Fig. 1 a and b has yet another longer open reading frame a two-base-shift away from the R-IIA coding sequence. It should be further noted that if T marked by an arrow in the 3rd row of Fig. la is deleted , this longer open reading frame identified as PR.C. (the abbreviation of the preexisted coding sequence) in Fig. 1 a and b starts from the first A-T-G in 1st row of Fig. la and ends in T-G-A that are the last three bases in the last row of Fig. lb , thus specifying a polypeptide chain 427 amino acid residues long. I propose that this was the original coding sequence contained in the 1295-base-long stretch of pOAD2 plasmid harbored by Flavobacterium Sp. K172. It is of interest to note here that this stretch of base sequence is duplicated elsewhere within the pOAD2 genome roughly 90TC away and that the coding sequence for the second isozymic form of 6-AHA LOH is found in this duplicated stretch (4) . Thus, a pair of isozymic preexisted coding sequences might have given rise independently to the coding sequences for two isozymic forms of 6-AHA LOH. At any rate, an insertion of T indicated by an arrow at the position in the 3rd row of Fig. la would have silenced PR.C. by creating the T-G-A chain terminator at that position, while creating the chain initiator A-T-G, thus giving rise to a 392-codon-length coding sequence for 6-AHA LOH, identified as R-IIA in Fig. 1 a and b. As discussed at the beginning of this paper, the probability of a nonrepetitious base sequence simultaneously harboring one 427-codon-length and the other 392-codon-length open reading frames is practically nil. Furthermore, it should be noted that in spite of the presence of seven internal chain terminators (all T-G-As, three in Fig. la and four in Fig. lb) , the third reading frame of this 1295-base-long base sequence can still specify a 178-amino acid-residue-long polypeptide chain; beginning from A-T-G in the 3rd from the bottom row of Fig. la and ending at T-G-A in the 6th row of Fig. lb . It is granted that this 1295-base-long stretch is very G+C rich, the A+T/G+C ratio being roughly 1/2.4. While this G+C richness no doubt contributed to the absolute paucity of chain-terminating base triplets within, the very fact that there are no marked ups and downs in the A+T/G+C ratios among 24 individual rows of base sequences of Fig. 1 a and b indicates that this very G+C richness was the reflection of the entire 1295-base-long sequence originating from repeats of the particular G+C-rich base oligomer. Although PR.C. and R-IIA were the same base sequence decoded in two different reading frames, a longer polypeptide chain specified by PR.C. was considerably more monotonous in its amino acid composition when compared to that specified by R-IIA.
As shown in Table 1 , Arg comprised 28.33% of its 427 residues, while Ala, Gly, and Pro together made up another 33.02%. Not surprisingly, the internal repetitiousness of this 1295-base-long sequence was more clearly reflected in the PR.C. amino acid sequence than in the R-IIA amino acid sequence.
As summarized in Fig. 2 , numerous, interrelated tetrapep- tidic sequences recurred within the PR.C. polypeptide chain. For example, the tetrapeptidic Arg-Ala-Ala-Arg sequence recurred thrice, as shown in the middle right of Fig. 2 . Furthermore, four more tetrapeptidic sequences recurred twice each: Arg-Arg-Ser-Gly, Gly-Leu-Gly-Gly, Ala-Arg-Arg-Arg, and Arg-Ser-Ala-Leu (top left, top center, middle left, and bottom left of Fig. 2 ). Although not summarized in Fig. 2 , two other tetrapeptidic sequences, Arg-Ala-Ala-Ala and Arg-Arg-Arg-Arg, also recurred twice each (5th and 7th rows of Table 1 shows that this was not at all the case with the R-IIA amino acid sequence. Befitting its 6-AHA LOH enzymatic activity, the 392-residue-long sequence contained substantial numbers of Trp, His, Tyr, and Ser residues and 30 Arg residues were balanced by 33 Asp residues. The extent of divergence between PR.C. and R-IIA amino acid sequences is truly remarkable, when it is realized that these two coding sequences are but the same base sequence merely decoded in different reading frames. Yet, PR.C. and R-IIA polypeptide chains are not entirely alien to each other either. Because of the underlying, abundant internal repetitiousness, it so happens that homologous base sequences here and there are translated in the same reading frame, thus producing segmental homology between noncorresponding portions of two polypeptide chains. Five pairs of such oligopeptide homologous segments were singled out from Fig. 1 a and b and collected in Fig. 3 . Nevertheless, no functional relatedness is expected between PR.C. and R-IIA polypeptide chains, because of such segmental homology occurring in noncorresponding portions. Indeed, the very basic former totally lacking Trp and Asn residues is not likely to function as an enzyme of any sort, whereas the latter in one swoop has acquired the capacity to degrade man-made nylon byproducts.
